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EXECUTIVE  SUMMARY 


The  Federal  Aviation  Administration  (FAA),  in  support  of  its  on-going  efforts  to  evaluate  and  define 
requirements  for  aircraft/systems  High  Intensity  Radiated  Fields  (HIRF)  certification,  has  sponsored  a 
variety  of  HIRF  related  research  projects.  One  project,  the  topic  of  this  report,  consisted  of  conducting 
a  series  of  HIRF  related  tests  on  a  Sikorsky  S-76  rotorcraft.  This  Executive  Summary  provides  a 
survey  of  the  purpose,  approach,  and  results  of  the  S'76  HIRF  Test  Project. 

PURPOSE 

The  S-76  HIRF  Test  Project  was  conducted  to  evaluate  the  practicality  of  performing  aircraft  level 
HIRF  tests,  determine  the  effects  of  HIRF  on  a  speciflc  rotorcraft  with  the  potential  to  obtain 
information  on  rotorcraft  in  general,  and  evaluate  the  effects  of  exposure  to  "real  world"  HIRF  emitters. 

APPROACH 

HIRF  ground  and  flight  tests  were  conducted  to  achieve  the  objectives  of  the  S-76  Test  Project 

The  ground  test  portion  of  the  project  consisted  of  Low  Level  Swept  Coupling  (LLSC)  and  Low  Level 
Swept  Fields  (LLSF)  tests.  The  LLSC  tests  were  performed  to  measure  and  evaluate  the  amount  of 
current  induced  on  selected  internal  cable  bundles  while  exposing  the  S-76  to  low  level  HIRF. 
Similarly,  the  LLSF  tests  were  performed  to  measure  and  evaluate  the  resulting  onboard 
electromagnetic  field  (E-Field)  levels  during  the  low  level  HIRF  exposure.  Both  the  LLSC  and  LLSF 
tests  were  conducted  by  placing  E-Field  and  current  monitoring  sensors  in  various  onboard  locations 
while  irradiating  the  S-76  with  low  level  (from  0.001  to  8. 1  Volts  per  meter  (V/m))  E-fields  over  a 
frequency  range  of  10  kilohertz  (kHz)  to  18  gigahertz  (GHz). 

Prior  to  the  LLSC  and  LLSF  tests,  site  calibration  (SCAL)  measurements  were  made  without  the  S-76 
located  in  the  test  area  to  determine  the  levels  at  which  the  S-76  would  be  irradiated  when  placed  in  the 
test  area. 
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The  flight  test  portion  of  the  project  consisted  of  monitoring  the  resulting  onboard  E-Field  levels  while 
exposing  the  S-76  to  HIRF  generated  by  "real  woiid"  emitters.  During  these  tests,  the  S-76  was  flown 
directly  into  main  beam  of  a  variety  of  pulsed  and  continuous  wave  (CW)  transmitters  including  the 
Over  the  Horizon  Back  Scatter  (OTHB),  PAVE  PAWS,  ASR-9,  FPS-65,  and  FPS-16  radars.  To 
record  any  possible  disruptions  to  the  flight  instruments,  a  video  camera  was  instaUed  and  recorded  the 
operation  of  the  co-pilot  display  unit 

RESULTS 

The  objectives  of  the  S-76  HIRF  Test  Project  included: 

•  evaluation  of  HIRF  test  practicality 

•  evaluation  of  HIRF  effects  on  rotorcraft 

•  evaluation  of  the  HIRF  threat  environment 

The  S-76  HIRF  Test  Project  identified  many  technical  constraints  which  will  continue  to  impact  the 
ability  to  conduct  technologically  ideal  HIRF  certification  tests.  The  project  provided  insight  into  the 
potentially  high  costs  associated  with  performing  aircraft  level  HIRF  certification  tests  implying  the 
need  to  continue  exploring  alternate  HIRF  test  methodologies. 

The  ground  tests  indicated  the  S-76,  and  perhaps  most  rotorcraft,  are  more  susceptible  to  the  effects  of 
HIRF  than  previously  tested  commercial  aircraft  This  conclusion  is  based  on  the  test  results  which 
indicated  that  the  induced  cable  current  levels,  when  extrapolated  to  full  threat  were  much  higher  than 
proposed  test  levels  identified  in  DO-160C. 

Results  of  the  S-76  tests  added  credibility  to  the  existence  of  HIRF  as  a  flight  safety  hazard.  In  the 
evaluation  of  the  "real  world"  emitters,  the  flight  tests  showed  repeatable  instances  where  exposure  to 
"real  world"  HIRF  emitters  resulted  in  instrumentation  disruptions.  It  should  however  be  noted  that  all 
of  the  observed  disruptions  were  of  a  non-critical  nature. 
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1. 


BACKGROUND 


Over  the  past  20  years,  advances  in  communications  and  radar  technologies  have  created  an 
environment  in  which  aircraft  during  operations  (takeoff,  landing,  and  flight  operations)  are  exposed  to 
unacceptable  levels  of  High  Intensity  Radiated  Fields  (HIRF),  While  in  flight,  exposure  to  HIRF  can 
cause  disruptions  to  flight-critical  and  essential  systems,  significantly  impacting  flight  safety.  The 
likelihood  of  disruptions  occurring  has  steadily  increased  as  aircraft  manufacturers  have  been  replacing 
mechanical  critical  and  essential  systems  with  modem,  but  more  HIRF-suscepdble,  computer-driven 
electronic  systems.  Susceptibility  of  modem  aircraft  to  the  effects  of  HIRF  is  further  increased  by  the 
use  of  non  reflective  composite  materials  in  the  fabrication  of  wing,  tail,  and  fuselage  structures. 

To  address  the  potential  impacts  of  HIRF  on  flight  safety,  the  Federal  Aviation  Administration 
Technical  Center  (FAATC),  with  assistance  from  the  Society  of  Automotive  Engineers  (SAE),  the 
AE4R  Committee  has  been  working  to  deflne  the  current  and  anticipated  HIRF  environment  to  establish 
recommended  approaches  to  verify  aircraft  are  not  susceptible  to  the  effects  of  HIRF. 

Upon  completion  of  the  FAA  and  S  AE-AE4R  Committee's  efforts,  the  FAA  will  prepare,  and  release 
for  comment,  a  Notice  of  Proposed  Rule  Making  (NPRM)  outlining  HIRF  certification  requirements. 

When  implemented,  the  certification  requirements  defined  in  the  NPRM  will  require  that  aircraft 
manufacturers  address  HIRF  issues  in  their  designs  and  verify  immunity  to  the  effects  of  HIRF.  Since 
such  requirements  will  impact  the  overall  aircraft  manufacturing  and  certification  process,  the  FAATC 
has  sponsored  a  variety  of  research  projects  to  investigate  the  effects  of  HIRF  and  to  evaluate  the 
practicality  of  performing  HIRF  certification  tests. 

One  of  the  FAATC's  research  projects,  the  topic  of  this  report,  involved  conducting  a  series  of  HIRF 
related  tests  on  a  Sikorsky  S-76  rotorcraft. 

2 .  OBJECTIVES 

The  S-76  HIRF  test  was  conducted  to  satisfy  thr^  major  objectives: 

•  evaluate  HIRF  testing  practicality 

•  evaluate  the  HIRF  effect  on  rotorcraft 

•  evaluate  the  threat  environment 
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2.1  HIRF  Test  Practicality 


The  first  objective  of  the  S-76  HIRF  test  was  to  evaluate  whether  HIRF  testing,  conducted  in 
accordance  with  the "  ARDS0042-Users'  Manual  for  AC-XX-XX,  "High  Intensity  Radiated  Fields 
(HIRF)"  2  April  1993,  and  EUROCAE  WG-33,  Subgroups  2  and  3  Users’  Guide  for  AC  No.  20-XX. 
Protection  of  Aircraft  Electrical  and  Electronic  Systons  Against  the  Effects  of  External  Radio  Frequency 
Enviroiunent,"  S  June  1990,  could  be  performed  in  a  practical,  effective,  and  efricient  manner. 

2.2  HIRF  Effbcts  on  Rotorcraft 

The  second  objective  of  the  HIRF  test  was  to  identify  the  vulnerabilities  of  the  S-76  which,  through 
analysis,  could  provide  insight  into  the  susceptibility  of  rotorcraft  in  general.  While  much  attention  has 
been  given  to  addressing  the  impact  of  HIRF  on  rixed-wing  aircraft,  little  or  no  emphasis  has  been 
placed  on  HIRF  effects  on  rotorcraft  When  evaluating  the  potential  vulnerabilities  of  rotorcraft  the 
increased  number  of  apertures  and  outer  areas  composed  of  composite  materials  lead  to  the  suspicion 
that  six;h  aircraft  are  inherently  more  susceptible  to  the  effects  of  HIRF.  While  not  intending  to  imply 
that  the  S-76  is  representative  of  all  rotorcraft,  it  appeared  to  have  design  aspects  that  address  both  best 
and  worst  case  susceptibilities  to  HIRF.  Additionally,  the  FAA's  S-76  was  uniquely  equipped  with  an 
Electronic  Flight  Instrumentation  System  (EFIS)  allowing  the  a  evaluation  of  flight  instrumentation 
component  common  to  flxed  wing  aircraft  and  rotorcraft 

23  HIRF  Threat  Environment  Evaluation 

The  third  objective  of  the  S-76  HIRF  test  was  to  evaluate  the  effects  of  "real  world"  HIRF  emitters  on 
the  S-76  while  in  flight  Much  effort  has  been  expended  in  identifying  the  existing  HIRF  emitters, 
while  little  actual  in-flight  testing  has  been  performed. 

3.  SCOPE 

The  S-76  HIRF  test  project  consisted  of  two  phases.  The  first  phase,  consisting  of  ground  tests, 
included  Site  Calibration  (SCAL),  Low  Level  Swept  Coupling  (LLSC),  and  Low  Level  Swept  Fields 
(LLSF)  performed  at  the  FAATC,  Atlantic  City  International  Airport,  NJ.  The  second  phase  included  a 
series  of  flight  tests  where  the  S-76  was  exposed  to  "real  world"  emitters  while  the  onboard 
electromagnetic  field  (E-Field)  levels  were  monitored  and  recorded. 


4. 


S-76  GROUND  TESTS 


The  ground  tests  were  performed  to  accomplish  two  objectives.  First,  the  SCAL,  LLSC  and  LLSF 
tests  provided  estimates  of  the  S-76's  ability  to  attenuate  E-Fields  over  the  frequency  range  of  10  kHz 
to  18  GHz.  Second,  the  tests  provided  a  means  to  evaluate  the  feasibility  and  practicality  of  conducting 
HIRF  tests. 

During  all  portions  of  the  ground  tests,  measurements  were  made  using  a  test  system  comprised  of  a 
receive  node  and  a  combined  transmit  and  control  node,  depicted  in  Figures  4-1  and  4-4.  The  received 
signals  were  transmitted  from  spectrum  analyzers  in  the  receive  node  to  a  central  conux>l  processor  in 
the  transmit  and  control  node  via  a  fiber  optic  link.  In  both  nodes,  the  equipment  was  controlled  using 
an  Institute  of  Electrical  and  Electronic  Engineers  (IEEE)  488  General  Purpose  Interface  Buss  (GPIB). 

The  following  sections  provide  details  of  the  various  tests,  discuss  the  technical  approach,  describe  the 
data  analysis  techniques,  and  provide  summaries  of  the  Endings  associated  with  the  S-76  HIRF  ground 
tests.  The  complete  HIRF  data  from  which  the  summaries  were  prepared  are  provided  in  Volume  II  of 
this  report. 


Figure  4-1.  Test  System  Receive  Node  Photograph 
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Figure  4-2.  Test  system  Receive  Node 
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Figure  4-4.  Test  System  Transmit  and  Control  Node 


4.1  Site  Calibration 


The  SCAL  portion  of  the  HIRF  ground  tests  was  performed  prior  to  placement  of  the  S-76  in  the  test 
area.  The  purpose  of  the  SCAL  was  to  determine  the  background  noise  and  E-Field  levels  that  would 
be  incident  on  the  helicopter  during  the  LLSC  and  LLSF  tests. 

4.1.1  SCAL  Technical  Approach 

SCAL  consisted  of  two  parts:  transmitted  E-Field  and  background  noise  measurements.  Transmitted 
E-Field  measurements  were  perfcnmed  by  irradi^ng  the  test  area  over  the  frequency  range  of  10  kHz 
to  18  GHz  while  measuring  and  recording  the  resulting  E-Field  levels.  This  portion  was  performed  to 
verify  the  levels  at  which  the  S-76  would  be  irradiated  when  placed  in  the  test  area.  To  achieve 
optimum  E-Field  levels,  variables  such  as  amplifier  output  power  and  the  distance  between  the  transmit 
and  receive  antennae  were  modiHed  to  achieve  the  maximum  signal  to  noise  ratios  and  E-Field  levels. 
Hgures  4-5  and  4-6  shows  the  SCAL  configuration  used  during  this  portion  of  the  test.  During  the 
second  part  of  SCAL,  background  measurements  were  performed  to  determii^  if  nearby  emitters  were 
broadcasting  in  the  frequency  band  of  concern. 

During  SCAL,  current  probes  were  placed  on  a  wire  loop  in  the  test  area.  This  was  done  to  verify  the 
ability  to  measure  induced  cable  current  over  the  range  of  10  kHz  to  1  GHz,  and  to  verify  that  no 
significant  noise  was  injected  into  the  system  by  the  current  monitor  probes.  Approximately  half  way 
through  the  LLSF  and  LLSC  tests,  due  to  a  test  system  configuration  change  necessitated  by  wind 
damage  to  a  transmit  antenna,  a  second  SCAL  was  performed.  Results  of  the  second  SCAL  were  used 
to  process  all  data  acquired  after  the  configuration  change  ensuring  data  validity.  A  detailed  discussion 
of  the  configuration  change  is  provided  in  Section  6.4. 

The  SCAL  E-Field  data  were  used  in  conjunction  with  the  full-threat  levels  defined  in  the  "ARD50042- 
Users'  Manual  for  AC-XX-XX,  "High  Intensity  Radiated  Fields  (HIRF)"  2  April  1993,  to  determine  a 
full-threat  extrapolation  ratio  (ER)  to  be  used  during  the  data  processing  and  analysis. 
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Figure  4-6.  SCAL  Configuration  Photograph 
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While  actual  LLSC  and  LLSF  measurements  were  performed  with  two  transmit  and  four  receive 
configurations,  SCAL  was  performed  with  one  transmit  and  one  receive  location  configiuation  as 
indicated  in  Figure  4-S.  The  SCAL  reduction  in  transmit  and  receive  configurations  was  justified  due  to 
the  close  proximity  of  the  onboard  receive  configurations  and  consideration  that  the  measured  E-Field 
levels  in  V/m  are  inversely  proportional  to  the  distance  between  the  aircraft  and  transmit  antennae. 

4.1.2  SCAL  Data  Processing 

The  acquired  SCAL  data  were  processed  to  correct  for  system  and  cable  losses,  to  apply  the 
manufacturer’s  antenna  factors,  and  to  convert  tl^  results  to  engineering  units  (V/m).  The  following 
algorithms  were  applied  in  each  step  of  the  SCAL  data  processing; 

•  SCALdBuV/m  =  SCALdBm  +  AF  +  IL 
where: 

•  SCA^jBm  is  the  raw  data  acquired  from  the  receive  spectrum  analyzer. 

•  AF  is  the  manufacturer  supplied  antenna  factor. 

•  ILis  the  receive  system  equipment  and  cable  loss. 

•  SCALdBuVAn  is  SC AL<iBm  corrected  for  losses  and  antenna  factors  and 
converted  from  raw  data  to  E-Held  quantity. 

•  SCALv/m  =  10-6[Log-l(SCALdBuV/in/20)] 
where: 

•  SCALv/m  is  the  corrected  data  converted  to  V/m. 


4.1.3  Summary  of  Results 

As  previously  mentioned,  the  SCAL  data  were  used  during  the  process  of  extrapolating  the  LLSC  and 
LLSF  data  to  full  threat  and  to  calculate  the  aircraft  attenuation  levels.  Therefore,  it  was  important  to 
achieve  the  best  possible  signal  to  noise  ratio  (SNR)  possible  during  the  SCAL  measurements. 

Ideally,  a  minimum  of  10  dB  SNR  was  desirable;  however,  equipment  limitations  did  not  accommodate 
this  desire.  Rgures  4-7  and  4-8  provide  a  summary  of  the  SNR  values  for  both  sets  of  the  SCAL 
measurements.  The  detailed  data  from  which  the  summary  was  derived  is  provided  in  Volume  H. 
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In  addition  to  a  desired  SNR.  E-Field  levels,  during  all  aspects  of  aircraft  level  testing,  would  ideally  be 
1  V/m.  As  with  SNR,  equipment  limitations,  such  as  limited  amplifier  input  and  output  levels,  did  not 
make  this  goal  achievable  without  considerable  expense.  Further,  it  was  desirable,  during  low  level 
tests,  to  irradiate  the  aircraft  with  a  constant  E-Field  level  throughout  each  frequency  band.  Again, 
equipment  limitations  and  time  constraints  made  this  desire  unachievable. 

While  not  ideal,  the  incident  E-Field  levels  measured  ranged  from  0.0  01  to  8.1  V/m  as  indicated  in 
Hgures  4-9  and  4-10. 


— MmImmii  Si^  T*  N«m  -•••-  MWmii  SI|iuI  T«  Natw  — »-~Anng>  SigMl  T*  N«tw  — —  Dwfctd  MWaaa  S%mI 
Ratta  (dB)  Rath  (dB)  Ralia  (dB)  Ta  Nataa  RaUa  (dB) 


Figure  4-7.  SCAL  Set  1  SNR  Chart 
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Figure  4-8,  SCAL  Set  2  SNR  Chart 


Frequency  Band  and  Transmit  Antenna  Polarity 
-•-Maximum  E-FIcId  Level  (V/m)  —•—Minimum  E-Fieid  Level  (V/m) 


Figure  4-9.  SCAL  Set  1  E-Field  Level  Chart 


13 


8XSXSaX8XXXXBSX>>>>>>>>>>> 
•  ••*••<••(••••••••••••••«• 

Frcqvency  Band  and  Tranmit  Antenna  Poiarily 
—a-MaxInam  E-Field  Level  (V/m) -^•Minimnai  E-Field  Level  (V/n) 

Figure  4- 10.  SCAL  Set  2  E-Field  Level  Chart 
4.2  Low  Level  Swept  Fields 


The  LLSF  tests  were  performed  to  measure  the  S-76's  ability  to  attenuate  E-Fields  and  to  assist  in  the 
evaluation  of  current  aircraft  level  HIRE  testing  methodologies.  The  LLSF  tests  were  conducted  in 
accordance  with  recommended  procedures  establisl^  in  the  "ARD50042-Users’  Manual  for  AC-XX- 
XX,  "High  Intensity  Radiated  Fields  (HIRE)"  2  April  1993. 


4.2.1  LLSF  Technicrl  Approach 

The  LLSF  measurements  were  conducted  with  the  receive  antennae  positioned  inside  the  S-76.  Multiple 
receive  antennae  were  necessary  to  cover  the  complete  frequency  range  of  10  kHz  to  18  GHz.  During 
the  LLSF  test,  the  receive  antennae  were  placed  in  multiple  configurations  as  indicated  in  Table  4-1. 
Positioning  of  the  antennae  to  different  locations  ensured  measurements  were  made  in  each  receive 
locatitm  over  the  entire  test  frequency  range.  Where  applicable,  depending  on  the  directivity  and 
geometry  of  the  antennae,  the  S-76  was  irradiated  with  the  transmit  antennae  in  both  vertical  and 
horizontal  orientations. 
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Table  4-1.  LLSF  E-Field  Sensor  Locations 


Confieuration 

E-Field  Sensor  Location 

Transmit 

Location 

RHuHai 

Monopole 

ICOM 

Large  LPA 

Small  LPA 

1 

1 

R4 

R5 

R3 

R1 

1 

2 

R1 

R4 

R5 

R3 

1 

3 

R3 

R1 

R4 

R5 

1 

4 

R5 

R3 

R1 

R4 

2 

1 

R4 

R5 

R3 

R1 

2 

2 

R1 

R4 

R5 

R3 

2 

3 

R3 

R1 

R4 

R5 

2 

4 

R5 

R3 

R1 

R4 

The  transmit  and  E-Field  sensor  locations  identified  in  Table  4-1  are  depicted  in  Figure  4-11.  Transmit 
location  one  (Tl)  corresponded  to  irradiation  of  the  starboard  of  the  aircraft,  while  transmit  location  two 
(T2)  corresponded  to  a  head-on  irradiation  of  the  S-76.  The  aircraft  was  rotated  90  degrees  to  switch 
from  Tl  to  T2  instead  of  relocation  of  the  actual  transmit  antennae  array.  Rotation  of  the  aircraft 
allowed  for  a  consistent  E-Field  path  from  the  transmit  location  to  the  aircraft.  This  was  particularly 
important  as  irradiation  from  other  directions  would  have  resulted  in  undesirable  reflections  from 
foreign  objects  (e.g.,  metallic  fences,  parked  aircraft,  metallic  storage  sheds,  etc.)  near  the  test  area  as 
depicted  in  Figure  4-12. 


Figure  4-11  S-76  LLSF  and  LLSC  Transmit/Receive  Locations 
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During  the  first  part  of  the  LLSF  and  LLSC  tests,  the  frequency  range  of  10  kHz  to  18  GHz  was 
divided  into  14  bands.  The  band  definitions  were  determined  based  on  characteristics  of  the  transmit 
and  receive  antennae,  amplifier  maximum  input  power  levels  as  a  function  of  frequency,  and  internal 
spectrum  analyzer  band  breaks.  After  conducting  a  series  of  LLSC  and  LLSF  tests,  it  was  deemed 
necessary  to  further  divide  Band  14  (originally  8-18  GHz)  into  two  bands.  This  change  was 
necessitated  by  ampliHer  input  power  limits  over  the  original  10  GHz  wide  Band  14. 


Figure  4- 12.  Test  Area  Layout 

Table  4-2  identifies  the  modified  frequency  ranges  for  the  15  bands  and  the  associated  transmit  and 
receive  component  characteristics.  Specifically,  band  14  originally  spanned  the  frequency  range  of  8- 
18  GHz  was  broken  into  two  bands  covering  the  frequency  ranges  of  8-14  GHz  and  14-18  GHz.  The 
characteristics  are  based  on  the  manufacturer  data  sheets  and  calibration  data  in  Appendix  I. 
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Table  4-2.  Band  Definitions  and  Characteristics 


Band 

Fr«q.  •  Band 

Pi 

Amp 

(dBm) 

Amp 

Gain 

(dB) 

Cable 

Loss 

(25ft) 

(dB) 

Pi  Ant 
(W) 

Ave. 

Num. 

Gain 

EBP 

(W) 

1 

IQkHz-SOOkHz 

0.01 

50.00 

0.01 

100.00 

5.00E-08 

5.00E-06 

2 

500kHz-2MHz 

0.09 

50.00 

0.09 

100.00 

2.50E-05 

2.50E-03 

3 

2MHz-12MHz 

0.22 

50.00 

0.22 

100.00 

l.OOE-03 

l.OOE-01 

4 

12MHz-150MHz 

-6.50 

55.00 

0.65 

61.00 

0.67 

40.80 

5 

5(»dHz-30(MdHz 

-4.03 

50.00 

1.10 

30.70 

1.33 

20.80 

6 

30(HdHz-4(X»dHz 

1.08 

50.00 

1.30 

95.00 

0.43 

20.80 

7 

400MHz-4S(MHz 

1.40 

50.00 

1.40 

100.00 

0.30 

30.00 

8 

4S0MHz-S00MHz 

7.24 

33.50 

1.50 

8.40 

4.86 

40.80 

9 

500MHz-lGHz 

8.52 

33.50 

2.20 

9.60 

4.25 

40.80 

10 

lGHz-1.8GHz 

8.84 

35.00 

3.20 

11.60 

3.50 

40.80 

11 

1.8GHZ-4GHZ 

9.04 

35.00 

4.70 

8.60 

4.75 

40.80 

12 

4GHz-eGHz 

10.36 

35.00 

7.10 

6.70 

6.09 

40.80 

13 

OGHz-lSGHz 

15.35 

35.00 

11.60 

7.50 

5.45 

40.80 

14 

8GHz-14GHz 

15.35 

35.00 

11.60 

7.50 

5.45 

40.80 

15 

14GHz-18GHz 

15.35 

35.00 

11.60 

7.50 

5.45 

40.80 

•  Band  Number;  A  number  assigned  to  each  band  for  internal  computer 

control 

•  Freq.  -  Band:  Frequency  range  of  the  band 

•  Pi  (dBm);  Input  power  level  from  the  source  to  the 

amplifier 

•  Amp  Gain:  Gain  of  the  amplifier  provided  by  the 

manufacturer 

•  Cable  Loss:  System  cable  loss  over  25  ft  of  coaxial  cable 

•  Pi  Ant:  Expected  output  power  from  the  amplifier  to 

the  antenna 

•  Ave.  Num.  Gain:  Transmit  antennae  gain 

•  ERP(W):  Calculated  effective  radiated  power  in  WATTS 
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4.2.2  LLSF  Data  Processing 


The  unprocessed  acquired  LLSF  data  provided  the  actual  onboard  E-Field  levels  in  dBm.  These  data 
represented  the  composite  of  system  noise,  ambient  E-Fields,  and  the  transmitted  E-Fields.  As  with 
SCAL,  these  data  were  corrected  for  manufacturer  antenna  factors  and  system  and  cable  losses.  After 
applying  the  appropriate  corrections,  the  data  were  converted  to  engineering  units  (V/m)  and  finally 
extnqiolated  to  determine  the  anticipated  internal  E-Fkld  levels  had  the  S-76  been  irradiated  at  the  full 
dueat  levels  identified  in  Figure  4-13.  The  following  algorithms  were  applied  in  each  step  of  the  LLSF 
data  processing: 


EFdBuV/m  =  EFdBm  +  AF  +  IL 

where: 

•  EPdBm  is  the  raw  data  acquired  from  the  receive  spectrum  analyzer. 

•  AF  is  the  manufacturer-supplied  antenna  factor. 

•  ILis  the  receive  system  equipment  and  cable  loss. 

•  EFdBuV/m  is  EFdBm  corrected  for  losses  and  antenna  factors. 

EFftY/bi  =  EFv/m  •  ER 

where: 

•  ER  is  the  full  threat  extrapolation  ratio  which  equals  the  full  threat  level  divided 
by  the  SCAL  level. 

.  FT  is  the  full  threat  environment  as  a  function  of  frequency  identified  in 
Figure  4-10. 

•  EFFTV/m  is  the  calculated  (extrapolated)  E-Field  level  expected  to  have 
existed  onboard  the  S-76  had  the  transmitted  LLSF  E-Field  levels  been  at 
full  threat 

•  EFv/m  equals  the  EFdBuV/m  converted  to  V/m 

ATdB  =  EFv/m  -  SCALv/m 

where: 

•  ATdB  is  the  calculated  attenuation  level  in  decibels. 
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Figure  4-13.  Full  Threat  Environment  E-Field  Levels 

4.2.3  Summary  Of  Results 

A  summary  of  the  aircraft's  minimum  and  maximum  average  attenuation  levels,  derived  from  the 
detailed  LLSF  data  in  Volume  II,  is  provided  in  Figures  4-14  and  4-15.  Figure  4-14  presents  the  results 
from  the  S-76  being  irradiated  "side-on"  and  Figure  4-15  presents  the  results  of  the  S-76  being 
irradiated  "head-on."  As  is  evident  from  the  attenuation  charts,  considerably  more  attenuation  was 
experienced  when  the  S-76  was  irradiated  "head-on."  These  results  were  expected  as  there  is  a  metallic 
fire  wall  between  the  electronics  bay  in  the  nose  of  the  S-76  and  the  cabin.  Additionally,  in  most 
instances,  the  gieate.^  t  attenuation  was  experienced  in  the  cargo  area  (R5)  and  the  minimum  in  the  pilot 
instrumentation  area  (93). 

It  is  important  to  realize  that  each  of  the  data  points  presented  in  Figures  4-14  and  4-15  represent  only  a 
maximum  and  minimum  of  the  1000  data  points  acquired  for  each  band.  Therefore,  the  reader  should 
refer  to  the  detailed  LLSF  data  provided  in  Volume  III  for  an  accurate  perspective  of  the  attenuation 
levels. 
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4.3  Low  Level  Swept  Coupling 


The  LLSC  tests  were  performed  to  measure  the  current  induced  in  cable  bundles  as  a  result  of  the  S-76 
being  exposed  to  low  level  E-Field  irradiation.  The  induced  cable  currents  were  measured  over  the 
firequency  range  of  10  kHz  to  1  GHz. 

4.3.1  LLSC  Technical  Approach 

The  LLSC  cable  cunnent  measurements  were  performed  in  accordance  with  the  guidelines  established  in 
DO-160C  by  attaching  current  monitor  probes  on  the  various  equipment  cable  bundles  as  indicated  in 
Hgure  4-16  and  4-17.  During  the  aircraft  irradiation,  the  induced  current  levels  were  monitored  on  a 
spectrum  analyzer  and  transferred  to  a  computer  for  follow-on  analysis.  The  LLSC  cable  current 
measurements  were  made  in  parallel  with  the  E-Reld  measurements. 


Figure  4-16.  Current  Monitor  Probe  Configuration 
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Figure  4-17.  Current  Monitor  Probe  Configuration  Photograph 


As  with  the  E-Field  measurements,  current  monitor  sensors  were  placed  in  various  receive  locations  as 
identified  in  Table  4-3. 

Table  4-3.  LLSC  Cable  Current  Test  Locations 


Confleuration 

Number 

High  Frequency  Probe 

Low  Frequency  Probe 

1 

1 

Pilot  Display  Unit  -  R3 

Co-Pilot  Display  Unit  -  R1 

1 

2 

Co-Pilot  Display  Unit  -  R1 

Pilot  Display  Unit  -  R3 

1 

3 

Pilot  Display  Unit  -  R3 

Co-Pilot  Display  Unit  -  R1 

1 

4 

Altitude  Indicator  -  R3 

Fire  Sensor  -  R6 

1 

5 

Fire  Sensor  -  R6 

Altitude  Indicator  -  R3 

2 

1 

Pilot  Display  Unit  -  R3 

Co-Pilot  Display  Unit  -  R1 

2 

2 

Co-Pilot  Display  Unit  -  R1 

Pilot  Display  Unit  -  R3 

2 

3 

Pilot  Display  Unit  -  R3 

Co-Pilot  Display  Unit  -  R1 

2 

4 

Altitude  Indicator  -  R3 

Fire  Sensor  -  R6 

2 

5 

Fire  Sensor  -  R6 

Altitude  Indicator  -  R3 

4.3.2  LLSC  Data  Processing 


The  acquired  LLSC  data  provided  tl»  actual  onboard  induced  cable  current  levels  in  dBm.  These  data 
represented  the  composite  of  system  noise  and  the  intended  cable  currents.  As  with  the  LLSF 
measurements,  these  data  were  corrected  for  manufacturer  current  monitor  probe  factors,  system 
losses,  and  cable  losses.  After  applying  the  appropriate  corrections,  the  data  were  converted  to 
engineering  units  (A)  and  finally  extrapolated  to  determine  the  anticipated  induced  cable  current  levels 
had  the  S-76  been  irradiated  at  the  full  threat  levels  identified  in  Figure  4- 1 3.  The  following  algorithms 
were  applied  in  each  step  of  the  LLSF  data  processing: 

•  CCdBuA  ®  CCdBm  -  PF+  IL 
where: 

•  CCdBm  is  the  raw  data  acquired  from  the  receive  spectrum  analyzer. 

•  PF  is  the  manufacturer-supplied  current  monitor  factor. 

•  ILis  the  receive  system  equipment  and  cable  loss. 

•  CCdBuA  is  CCdBm  corrected  for  losses  and  current  monitor  probe  factors. 

•  CCfta  =CCa*ER 
where: 

•  ER  is  the  full  threat  extrapolation  ratio  which  equals  FT/SCALv/m- 

•  CCa  is  the  CCdBuA  converted  to  A. 

•  CCfta  is  the  calculated  (extrapolated)  cable  current  level  expected  to  have 
existed  onboard  the  S-76  had  the  LLSC  E-Field  levels  been  full  threat. 

4.3.3  Summary  Of  Results 

Per  the  requirements  of  DO-160C,  component  HIRF  testing  may  be  accomplished  by  directly  injecting 
current  on  the  component's  cable  bundles.  The  prescribed  current  levels  (as  a  function  of  frequency) 
correspond  to  those  anticipated  to  be  induced  were  the  component  exposed  to  full  threat  HIRF  levels. 
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During  the  S-76  LLSC  data  processing,  the  measured  induced  cable  currents,  resulting  from  low  level 
E-Beld  irradiation,  weie  extrapolated  to  calculate  the  anticipated  current  levels  had  the  S-76  been 
irradiated  at  full  threat  Summary  results,  over  the  frequency  range  of  10  kHz  to  1  GHz,  have  been 
charted  ctHnparing  the  DO-160C  and  actually  measured  levels  in  Figures  4- 18  through  4-21.  As 
indicated,  the  extrapolated  S-76  LLSC  levels  are  signiflcantly  higher  at  many  frequencies  than  those 
required  by  DO-160C  indicating  the  S-76,  and  perhaps  rotorcraft  in  general,  ate  more  susceptible  and 
may  requite  greater  degrees  of  protection  for  wiring  harnesses  and  instrument  systems. 

The  supporting  detailed  data  plots  may  be  found  in  Volume  II  of  this  report. 


Fruyiafy  iUaft 

DO>14«C  (nA)  •  CaimialH  (mA) 


Figure  4-18.  Pilot  Display  Unit  Extrapolated  Cable  Current  Levels 
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Figure  4-19.  Co-Pilot  Display  Unit  Cable  Extrapolated  Current  Levels 


Figure  4-20  Fire  Sensor  Extrapolated  Cable  Current  Levels 
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^^OO-IMC  (mA)  ■  ■  Crinrfiiti  (mA) 


Figure  4-21.  Altitude  Indicator  Extrapolated  Cable  Current  Levels 
5.  8-76  FLIGHT  TESTS 

The  flight  tests  were  performed  to  evaluate  the  effects  of  existing  "real  world"  emitters  on  the  S-76's 
flight  instruments.  During  the  flight  tests,  video  recorders  were  used  to  monitor  and  record  any 
potential  instrument  disruptions  while  a  combined  receive  and  control  node  (Figures  5-1  and  5-2) 
monitored  and  recorded  the  onboard  E-Field  levels. 
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Figure  5-1.  Flight  Test  Receive  and  Control  Node 


Figure  5-2.  Right  Test  Receive  and  Control  Node  Photograph 
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Due  to  poor  weather  conditions  and  coordination  problems  with  the  OTHB  personnel,  the  flight  tests 
were  conducted  in  two  phases.  During  both  phases,  the  emitters  consisted  of  both  pulsed  and  CW 
transmission  characteristics.  It  was  determined  during  the  Phase  I  tests  that  modifications  to  the  receive 
^Kcmun  analyzer  set-up  parameters  would  be  necessary  to  compensate  for  the  relatively  naiTow  pulse 
width  of  the  pulsed  emitters  and  point  frequency  of  the  CW  emitters.  The  modifications,  consisting  of 
increasing  the  resolution  bandwidth,  decreasing  sweep  rate,  and  decreasing  span  per  division,  were 
implemented  during  Phase  II  of  the  flight  tests.  In  addition  to  the  spectrum  analyzer  set-up 
modifications,  numeric  corrections  were  necessary  to  convert  the  measured  pulsed  emitter  average 
levels  to  the  actual  peak  levels. 

5.1  Flight  Test  Data  Processing 

The  S-76  flight  test  data  were  processed  to  compensate  for  manufacturer  antenna  factors  and  cable 
losses.  Also,  in  the  cases  where  the  S-76  was  irradiated  by  pulsed  emitters,  numeric  corrections  were 
applied  to  convert  the  measured  average  to  peak  levels.  The  following  describes  the  various  algorithms 
used  during  the  data  processing: 

•  EFAVdBuV/m  *  EFAVdBm  +  AF  +  IL 

where; 

•  EFAVdBm  is  the  average  raw  data  acquired  from  the  receive  specmim  analyzer 
in  dBm. 

•  AF  is  the  manufacturer  supplied  antenna  factor. 

•  IL  is  the  receive  system  equipment  and  cable  loss. 

•  EFjBuV/m  is  EFdBm  corrected  for  losses  and  antenna  factors. 

•  EFavoB  V/m  =  EFAVdBuV/m- 107 

where: 

•  EFAVdBV/m  is  the  EFAVdBuV/m  converted  to  dB  micro  Volts 

•  EFAVV/m  =  Log-l(EFAVdBuV/m/20) 

where: 

•  RSBW  is  the  spectrum  analyzer  resolution  bandwidth. 

.  DC  is  the  duty  cycle  of  the  pulsed  emitter. 

•  EFpKdBV/m  is  the  peak  E-Field  level  corrected  for  the  pulsed  emitters  duty 
cycle. 

•  .  1  is  a  scaling  factor  provided  by  the  spectrum  analyzer  manufacturer. 


28 


5.2  Phase  I  Flight  Tests  Descriptions 

The  Phase  I  flight  tests  included  fly-by  tests  of  emitters  at  the  FAATC  [High  Hover  Calibration  (HHC), 
ASR-9,  and  High  Frequency  (HF)  transmitters],  the  Over  the  Horizon  Back  Scatter  (OTHB)  Radar  in 
the  area  of  Bangor,  ME,  and  the  PAVE  PAWS  Radar  at  Cape  Cod,  MA.  The  following  describes  the 
transmitter  characteristics  and  a  summary  of  the  results  for  each  test.  As  with  the  ground  tests,  the 
detailed  processed  data  for  the  Phase  I  flight  tests  are  contained  in  Volume  II  of  this  report. 

5.2.1  HHC  Flight  Test 

The  HHC  flight  test  was  performed  to  calibrate  the  receive  equipment  in  preparation  for  the  PAVE 
PAWS  and  OTHB  flight  tests.  During  these  tests,  the  ground  test  transmit  antennae  were  raised 
forming  a  45“  angle  with  the  ground,  while  the  S-76  hovered  at  the  ranges  depicted  in  Figures  5-3  and 
5-4. 


During  the  HHC  Right  tests,  measurements  were  made  with  the  S-76  oriented  for  both  front  and  side 
irradiation.  A  summary  of  the  onboard  measured  E-Field  levels  is  provided  in  Figure  5-5. 


Figure  5-3.  HHC  Photographs 
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AMCRAFT  ORCNTATIOII  AND  FNtOUCNCY  RANOC 


Figure  5-5.  HHC  Summary  E-Field  Levels 


5.2.2  FAATC  HF  Transmitter  Flight  Test 


During  the  FAATC  HF  Transmitter  portion  of  the  Phase  I  flight  test,  the  S-76  was  flown  directly  over 
the  transmitting  antennae  as  indicated  in  Figure  5-6.  Initially,  it  was  thought  the  transmitter  would  be 
operating  with  an  ERP  in  the  megawatt  (MW)  range.  Upon  completion  of  the  test,  it  was  determined 
that  the  transmitter  was  operating  at  only  one  kilowatt  (kW)  over  a  frequency  range  of  3-30  MHz.  As  a 
result,  no  significant  E-Field  levels  were  measured  and  no  instrument  disruptions  occurred. 


Figure  5-6.  ASR-9  and  HF  Flight  Profile 


5.2.3  ASR-9  Flight  Test 

Since  the  ASR-9  is  a  directional  transmitter,  the  flight  profile  for  the  ASR-9  flight  test  (also  depicted  in 
Rgure  5-6)  did  not  include  a  direct  over-flight.  Unlike  the  HF  transmitter,  the  ASR-9  is  a  pulsed  radar 
operating  at  a  frequency  range  of  2-4  GHz  and  relatively  low  power. 

Due  to  unknown  causes,  the  ASR-9  E-Field  data  were  not  stored  to  disk  during  the  actual 
measurements,  and  therefore  are  not  available.  It  should  be  noted,  however,  that  no  instrument 
disruptions  occurred. 


31 


5.2.4  OTHB  Phase  1  Flight  Test 


Problems,  such  as  poor  weather  and  coordination  issues  with  the  Air  Force  operations  personnel  during 
the  OTHB  portion  of  the  Phase  I  flight  test,  resulted  in  lower  than  desired  output  power  levels. 
jMiOducing  a  less  than  optimum  outcome.  Although  two  flights  were  performed,  the  radar  was 
(grating  below  1/4  power  corresponding  to  an  ERP  of  only  44  kW  at  a  frequency  of  21  MHz. 

While  excessive  cloud  cover  made  it  difficult  to  follow  an  accurate  flight  path,  Figure  S-7  depicts  the 
intended  pattern  for  the  OTHB  Phase  I  flight  test. 

Although  the  .,a4)ut  power  level  was  lower  than  expected,  one  disruption  to  an  analog  fuel  flow 
indicator  was  noted.  Attempts  to  repeat  the  disruption  were  not  successful. 


Figure  5-7.  OTHB  Phase  1  Flight  Profile 


5.2.5  PAVE  PAWS  Flight  Test 


As  with  the  FAATC  HF  transmitter,  the  PAVE  PAWS  output  levels  were  found  to  be  lower  than 
expected.  This  situation  however,  was  not  due  to  coordination  issues,  but  rather  to  the  normal 
operating  characteristics  of  the  transmitter.  As  indicated  in  Figure  5-8,  two  passes  at  varying  altitudes 
were  performed.  During  both  passes  the  PAVE  PAWS  was  operating  between  400  and  800  MHz  at  an 
ERPof  IkW. 

No  instrument  disruptions  occurred  during  the  PAVE  PAWS  tests. 


Figure  5-8.  PAVE  PAWS  Flight  Profile 
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S.3  Phase  II  Flight  Tests 


The  Phase  II  flight  tests  included  fly-by  tests  of  emitters  at  the  Rome  Laboratory  Radar  Test  Range 
(FPS-65  and  FPS-16),  Grifflss  Air  Force  Base,  NY,  and  the  Over  the  Horizon  Back  Scatter  (OTHB) 
Radar  in  the  area  of  Bangm*.  ME.  Unlike  the  previous  flight  test,  the  Phase  II  tests  conducted  at  Rome 
Laboratory  were  performed  using  operational  transmitters  at  the  United  States  Air  Force  (USAF)  radar 
test  range.  This  environment  enabled  the  pilot  and  onboard  test  system  operator  to  maintain  continuous 
voice  communications  with  the  ground  operators.  Additionally,  the  S-76's  ran^  from  the  each  active 
transmitter  was  monitored  and  recorded. 

5.3.1  FPS-16  Flight  Test 

During  the  FPS-16  flight  test,  the  S-76  pilot  flew  an  angular  profile  depicted  in  Figure  5-9.  The  radar 
was  operating  at  29  GW  peak  power  on  a  transmit  frequency  of  5650  MHz  with  a  duty  cycle  of  6.4  x 

1(H. 


Figure  5-9.  FPS-16  and  FPS-65  Flight  Profile 

A  comparison  of  the  expected-to-measured  E-Field  levels  is  provided  in  Figure  5-10.  While  the 
measured  levels  are  considerably  lower  than  expected,  the  aircraft's  attenuation  of  approximately  20  dB 
accounts  for  a  decrease  of  one  order  of  magnitude.  The  approximation  of  20  dB  was  obtained  from  the 
Volume  n  data  plot  for  side  irradiation  with  the  receive  antenna  in  the  center  of  the  cabin  area,  which 
most  closely  approximated  the  FPS-16  flight  test  configuration. 
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Although  disru{>tions  to  the  test  system  computer's  cathode  ray  tube  (CRT)  occurred,  no  disruptions  to 
the  S-76  flight  instruments  wm  noted  during  the  FPS-16  test.  The  CRT  disruptions  were  not 
attributed  to  either  the  FPS-16  or  FPS-6S  and  may  have  been  the  result  of  other  transmission  sources 
active  in  the  area. 


Figure  5-10,  FPS-16  Measured  and  Expected  E-Field  Levels 


5.3.2  FPS-65  Flight  Test 

During  the  FPS-65  flight  tests,  the  S-76  pilot  also  flew  an  angular  profile  depicted  in  as  Figure  5-9. 

The  radar  was  operating  at  6.3  GW  peak  power  on  a  transmit  frequeiKy  of  1255  MHz  with  a  duty  cycle 
of  2.22  X  10^. 
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A  comparison  of  the  expected  to  measured  E-Field  levels  is  provided  in  Figure  5-11.  While  the 
measured  levels  are  consideraUy  higher  than  expected,  the  aircraft's  gain  of  approximately  20  dB 
accounts  for  a  decrease  of  one  order  of  magnitude.  The  approximation  of  20  dB  was  obtained  from  the 
Volume  m  data  plot  for  side  irradiation  with  the  receive  antenna  in  the  center  of  the  cabin  area  which 
most  closely  approximated  the  FPS-6S  flight  test  configuration. 


-  ■  "M*— rH  E-FkM  Lcrrt  — ExpctM  E-FIcM  Lcrcl 

Figure  5-11.  FPS-65  Summary  Results 

No  disruptions  to  the  S-76  flight  instruments  were  noted  during  the  FPS-16  test. 
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5.3.3  OTHB  Phase  II  Flight  Test 


A  modified  profile  was  flown  during  the  second  OTHB  flight  test.  This  modification  occurred 
primarily  due  to  information  that  a  side  lobe  existed  around  or  directly  over  the  transmit  antennae  array. 
As  indicated  in  Bgure  S-12,  the  flight  profile  included  circling  and  flying  directly  over  the  antenna 
array.  Although  repeated  flights  were  made,  the  side  lobe  was  not  encountered. 

During  the  test,  the  OTHB  transmitter  was  operating  at  21  MHz  with  an  ERP  of  251  kW.  Upon 
completion  of  the  test,  the  radar’s  output  power  level  was  verified  with  the  OTHB  operations  personnel 
to  ensure  there  had  been  no  coordination  problems. 


Figure  5-12.  OTHB  Phase  II  Flight  Profile 

Figure  5-13  depicts  the  Phase  II  OTHB  flight  tests  onboard  E-Field  levels  and  corresponding  radius' 
from  the  transmitter.  Similar  to  the  Phase  1  tests,  disruptions  to  both  analog  fuel  flow  indicators  were 
experienced  with  sporadic  disruptions  to  the  landing  gear  down  indicators.  Unlike  the  first  OTHB  test, 
the  disruptions  to  the  fuel  flow  indicators  were  repeatable  (as  indicated  in  Figure  5-13)  and  typically 
occurred  at  an  orientation  perpendicular  to  the  control  building  in  the  center  of  the  transmit  array. 


37 


ACTUAL  MEA8UBBD  E-FIELO  LEVIL  (VAm) 


74  74  2M  7S4  SM  1571  1S7S  15M  313»  4447  4257  4244 


RADIUS  FRIMM  RADAR  IN  METERS 
E>FIELD  (V/m)  ACTUAL  ——E-FIELD  (V/m)  ESTIMATED 


Figure  5-13.  OTHB  Phase  II  Summary  Results 
6 .  TECHNICAL  CONSIDERATIONS 

One  of  the  purposes  of  the  S-76  HIRF  test  project  was  to  evaluate  HIRF  test  methodologies,  both  from 
a  technical  and  a  cost  perspectives.  During  the  project,  certain  system  conHguration  ikcisions  were 
made  based  on  several  factors  including  technical  merit,  cost,  and  availability.  In  some  cases,  the  cost 
and  availability  factors  outweighed  the  technical  merit  resulting  in  less  than  a  technically  ideal  approach. 
Additionally,  during  the  actual  HIRF  tests  and  data  analysis  phases  of  the  project,  anomalies  were 
encountered  which  warrant  discussion  in  this  report  This  section  addresses  technical  issues  associated 
with  the  S-76  HIRF  test  project  and,  where  possible,  provides  the  rationale  for  decisions  and 
explanations  of  technical  anomalies. 
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6.1  Signal’To-Noise  Ratio 


As  is  the  standard  {uactice  when  performing  LLSC  and  LLSF  tests,  SCAL  tests  were  conducted  prior 
to  placement  of  the  S-76  in  the  test  area.  During  the  SCAL  tests,  the  signal  sources  were  set  to  the 
maximum  ou^ut  power  levels  possible  without  causing  amplifier  overload  and/or  helix  current  fault 
conditions.  Typically,  the  source  power  levels  were  sufficient  to  provide  a  minimum  of  10  dB  signal- 
to-noise  ratio  (SNR)  within  spot  regions  in  each  band.  However,  while  performing  the  aircraft 
irradiation  portion  of  the  LLSC  tests,  several  factors,  including  aircraft  attenuation,  resulted  in  an  SNR 
below  3  dB.  The  technical  ramifications  of  this  situation  become  immediately  evident  when 
extrapolating  the  LLSC  data  to  the  full-threat  levels.  With  SNRs  between  0  and  3  dB,  it  was  not  clear 
what  the  actual  onboard  signal  levels  were  and  the  results  reflect  extrapolation  of  the  system  noise  and 
ambient  E-Field  levels.  Therefore,  it  was  invalid  to  extrapolate  the  data  with  a  low  SNR  to  full-threat 

6.1.1  Signal*To*Noise  Ratio  Assessment 

Aircraft  attenuation  is  determined  by  subtracting  SCAL  from  the  measured  aircraft  irradiation  levels, 
and  any  instance  where  the  aircraft's  attenuation  equaled  or  exceeded  the  SCAL  SNR,  the  result  is  an 
observed  SNR  of  0  dB.  As  such,  the  following  assessments  can  be  made. 

•  In  such  cases,  it  is  invalid  to  extrapolate  the  signal  to  full-threat  to  provide  expected 
levels  had  the  aircraft  been  irradiated  at  full-threat. 

•  Since  the  actual  signal  is  at  or  below  the  noise  floor,  extrapolation  of  the  noise  floor  to 
full-threat  represents  a  worst  case  scenario. 

•  Where  the  LLSF  SNR  was  0  to  3  dB,  the  calculated  attenuation  levels  can  only  be 
identified  as  greater  than  or  equal  to  the  SCAL  SNR. 

6.1.2  Signal'To-Noise  Ratio  Resolution 

When  reviewing  the  Volume  n  data  plots,  the  reader  must  realize  that,  where  the  corresponding 
onboard  E-Field  measurement  SNR  is  less  than  3  dB,  the  aircraft  attenuation  plot  represents  the 
minimum  aircraft  attenuation. 
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6.2  Antennae  Mount  Differences 

During  SCAL,  the  receive  antennae  were  mounted  on  non  conductive  mounts  made  of  wood  and 
polyvinyl-chloride  (PVC)  pipe.  The  antennae  had  been  calibrated  by  a  laboratory  and  the  antenna 
factors  {Ht>vided  are  provided  in  Appendix  I. 

Due  to  the  shock  and  vibration  requirements  for  in-flight  tests,  it  was  necessary  to  mount  the  receive 
antennae  on  metal  racks  specially  designed  to  mount  on  floor  rails  inside  the  S-76.  The  change  in  the 
antennae  mount  configuration  is  of  concern  as  it  may  have  resulted  the  invalidation  of  the  laboratory 
provided  antenna  factors. 

6.2.1  Antennae  Mount  Differences  Assessment 

UptMi  completion  of  the  Phase  II  flight  test,  a  laboratory  experiment  was  conducted  to  evaluate  the 
potential  effects  of  antennae  mounts  differing  from  the  antenna  calibration  configuration.  The 
experiment  involved  performing  E-Field  measurements  in  a  non-conductive  cavity  with  no  external 
influences  (i.e.,  metallic  rack  mounts,  shelves,  etc.)  and  comparing  the  results  to  measurements 
performed  in  the  same  cavity  with  metallic  objects  placed  in  close  proximity  to  the  receive  antenna.  To 
provide  further  insight  into  the  effects  of  metallic  objects,  the  above  experiment  was  also  performed 
using  an  isolated  loop  H-Field  (Magnetic  field)  antenna. 

The  results  obtained  from  the  laboratory  experiment  indicated  the  measured  E-Field  levels  were  not 
signiEcantly  impacted  (variations  were  consistently  less  than  5%)  when  metallic  objects  were  placed  in 
the  vicinity  of  the  receive  antenna.  However,  when  the  experiment  was  repeated  using  an  H-Filed 
antenna,  the  results  were  signiflcantly  different  (variations  were  consistently  greater  than  30%). 

6.2.2  Antennae  Mount  Differences  Resolution 

Since  the  data  presented  in  this  report  reflect  only  E-Field  measurements,  the  error  introduced  by  the 
close  proximity  of  metallic  objects  is  not  great  enough  invalidate  the  test  results. 
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6.3  Use  Of  D<Dot  Antennae 


To  accomplish  the  onboard  E-Field  measurements,  a  variety  of  antennae  were  used  to  cover  the 
frequency  range  of  10  kHz  to  18  GHz.  The  antennae  used  were  larger  than  ideal  considering  the  sizes 
of  the  apertures  within  the  S-76.  Similar  to  the  issue  discussed  in  Section  6.2,  the  use  of  antennae  with 
relatively  large  dimensions  could  affect  the  manuf»:turer's  provided  antenna  factors. 

6.3.1  Use  Of  D'Dot  Antennae  Assessment 

Use  of  smaller  D-E>ot  antennae  when  performing  onboard  E-Field  measurements  could  provide  better 
data  as  they  are  less  susceptible  to  the  effects  of  relatively  small  apertures. 

6.3.2  Use  Of  D«Dot  Antennae  Resolution 

While  the  D-Dot  antennae  are  more  suited  for  use  in  smaller  apertures,  experience  has  shown  they  are 
less  sensitive  resulting  in  less  than  acceptable  SNRs.  Additionally,  the  D-Dot  antennae  are  quite 
expensive  and  typically  cannot  be  leased.  Considering  the  above,  the  decision  was  made  not  to  use  D- 
Dot  antennae  for  onboard  E-Field  measurements. 

6.4  Replacement  Of  Monopole  Transmit  Antenna  With  Bazooka  Dipole  Antenna 

LLSC  tests  were  performed  using  a  monopole  transmit  antenna.  While  using  the  monopole,  little  or  no 
SNR  was  discernible  over  the  frequency  range  of  10  kHz  to  approximately  12  MHz.  Inspection  of  the 
monopole  indicated  poor  contact  between  the  antenna  and  the  balun.  To  facilitate  continuance  of  the 
tests,  a  Bazooka  Dipole  antenna  was  fabricated  and  used  in  place  of  the  monopole.  Replacement  of  the 
monopole  invalidated  the  original  SCAL  measurements. 

6.4.1  Replacement  Of  Monopole  Transmit  Antenna  With  Bazooka  Dipole  Antenna 
Assessment 

Figure  6-1  provides  the  design  details  for  the  Bazooka  Dipole.  Upon  inclusion  in  the  test  system 
configuration,  significantly  better  SNRs  were  discernible  over  the  frequency  range  of  10  kHz  to  12 
MHz. 
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Figure  6-1.  Bazooka  Dipole 


6.4.2  Replacement  Of  Monopole  Transmit  Antenna  With  Bazooka  Dipole  Antenna 
Resolution 

To  ensure  consistency  when  performing  the  data  analysis  and  extrapolation,  a  second  set  of  SCAL 
measurements  were  performed  using  the  Bazooka  Dipole.  The  results  of  the  second  SCAL  wene  used 
to  process  all  data  acquired  after  the  antenna  configuration  change. 

6.5  Ambient  Radio  Frequency  Environment  Changes 

One  purpose  of  the  SCAL  portion  of  ground  tests  was  to  establish  the  ambient  radio  frequency  (RF) 
environment  in  the  test  area  and  test  system  noise  levels  for  consideration  when  processing  the  acquired 
data.  In  some  instances,  ambient  RF  changes  resulted  in  misrepresented  aircraft  attenuation  and 
extrapolated  levels. 
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6.5.1 


Ambient  Radio  Frequency  Environment  Changes  Assessment 


The  problem  of  a  changing  RF  and/or  system  noise  environment  can  be  described  as  follows. 


When  SCAL  ambient  noise  measurements  are  performed,  the  noise  levels  may  appear  as  indicated  in 
Figure  6-2. 


Figure  6-2.  SCAL  Ambient  Noise  Level 


Once  the  noise  levels  are  recorded,  the  transmitter  is  turned  on  and  another  measurement  is  made 
resulting  in  the  signal-plus-noise  level  indicated  in  Figure  6-3.  In  both  cases,  the  E-Field  levels  at 
frequency  fe  are  primarily  due  to  local  transmitters  operating  at  higher  power  levels  than  the  intended 
LLSC  transmitters. 
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Figure  6-3.  SCAL  Noise-Plus-Signal  Level 

Were  the  local  transmitters  not  active,  the  actual  SCAL  signal  levels  would  appear  as  indicated  in  Figure 


Figure  6-4.  SCAL  Signals  Without  Local  Transmitter 
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While  performing  the  aircraft  irradiation,  the  actual  signal  levels  would  be  similar  to  that  in  Figure  6-4 
with  differmces  resulting  from  aircraft  attenuation  and  resonances.  A  typical  graph  may  appear  as 
indicated  in  Hgure  6-S. 


Figure  6-5.  Onboard  Signal  Levels 


Aircraft  attenuation  is  calculated  by; 

Attenuation  =  SCAL  -  E-Field  (irradiated) 

If  the  SCAL  level  of  5  dB  had  a  corresponding  level  of  -20  dB,  the  calculated  attenuation  level  would 
be  25  dB.  However,  the  25  dB  is  incorrect  as  the  local  emitter  was  not  active. 


6.5,2  Ambient  Radio  Frequency  Environment  Changes  Resolution 

This  problem  could  be  addressed  in  several  ways.  The  first,  and  perhaps  the  most  accurate,  way  would 
be  to  continuously  monitor  the  ambient  E-Field  levels  and  simultaneously  compare  the  levels  to  those 
obtained  during  SCAL.  In  the  event  of  a  significant  difference  (~3  dB),  repeat  site  calibration. 

Another  iqiproach  would  be  to  address  this  problem  during  data  analysis  by  presenting  the  original 
SCAL  data  in  conjunction  with  aircraft  attenuation.  With  this  approach,  the  reader,  when  unreasonable 
attenuation  levels  are  encountered,  can  correlate  back  to  the  original  SCAL  data  and  account  for  the 
attenuation  levels. 

While  the  first  approach  provides  the  best  technical  solution,  it  is  costly.  If  SCAL  measurement  were 
repeated,  it  would  be  quite  time  consuming.  To  apply  this  approach  would  require  an  additional  receive 
node,  which  would  entail  considerable  expense. 

Due  to  fiscal  consU'aints,  the  second  approach  was  adopted  for  the  S-76  tests. 

6.6  Oversweep  Versus  Synchronized  Sweep 

For  the  S-76  HIRF  test,  an  oversweep  approach  was  used  to  obtain  the  E-Field  and  cable  current  data. 
That  is,  a  signal  source  (either  a  tracking  or  sweep  generator  depending  on  the  frequency)  was  set  to 
sweep  slowly  while  the  receive  spectrum  analyzers  were  set  to  scan  quickly  (at  least  1/lOth  of  the 
source  sweep  rate).  When  the  receive  spectrum  analyzer  frequency  matched,  within  its  resolution 
bandwidth,  the  sources  frequency,  a  point  on  the  receive  wave  form  was  recorded.  This  approach 
required  multiple  time  consuming  scans  to  obtain  an  adequate  wave  form  on  the  spectrum  analyzers.  In 
some  cases,  an  adequate  wave  form  could  not  be  acquired. 

An  alternative  to  the  oversweeping  would  have  been  a  synchronized  sweep  approach.  When  applying  a 
synchronized  sweep  technique,  the  source  and  receiver  are  simultaneously  triggered  and  sweep  at 
exactly  the  same  rate.  Applying  this  approach  requires  only  one  source  and  receiver  sweep  per  band 
greatly  reducing  the  overall  test  time  and  increasing  the  data  quality. 
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6.6.1  Oversweep  Versus  Synchronized  Sweep  Assessment 

There  are  several  options  to  implementing  a  synchronized  sweep  approach.  In  the  case  of  the  S-76 
HIRF  test,  two  approaches  were  investigated. 

The  first  approach  involved  using  the  transmit  and  receive  equipment  configurations  previously 
discussed  in  this  report  During  the  investigation,  the  source  and  receive  equipment  were  set  to 
identical  sweep  rates  and  simultaneously  triggered.  While  appearing  technically  sound,  inconsistent 
results  were  experienced.  In  some  cases,  this  synchronized  sweep  approach  performed  completely  as 
expected.  However,  in  most  cases,  the  source  and  receive  equipment  would  drift  out  of 
synchronization  resulting  in  no  receive  signal.  Through  discussions  with  the  equipment  manufacturers, 
the  source  of  the  problem  was  identified  as  internal  variations  in  the  source  and  receiver  sweep  rates. 
These  variations,  depicted  in  Figures  6-6  through  6-9,  resulted  in  a  condition  where 

^t(to) ;  however, 
fi(to+At) 

the  frequency  of  the  source  when  triggered 
the  frequency  of  the  receiver  when  triggered 
the  frequency  of  the  source  at  to  plus  an  additional 
time  increment  At 

the  frequency  of  the  receiver  at  to  plus  an  additional 
time  increment  At 

Thus,  this  approach  was  not  used  during  the  S-76  ground  tests. 


•  U(to)  = 

.  fs(to  +  At) 

where 

•  fs(to)  = 

•  ^i(fo)  = 

•  ^s(lo  At)  — 

.  f^to+At)  = 
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Figure  6-6.  Source  Signal  at 
Time  (to)  =  0 
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Figure  6-7.  Receive  Signal  at 
t  =  0 


Figure  6-9.  Receive  Signal  at  Time 

to  +  At 


The  second  approach  investigated  entailed  replacing  the  source  and  receive  equipment  with  a  network 
analyzer.  With  this  approach,  a  single  component  would  function  as  both  the  signal  source  and  receiver 
eliminating  the  sweep  rate  drift  problem  previously  discussed.  While  this  approach  was  not  actually 
tested,  two  major  shortfalls  were  identified.  The  first  and  most  significant  problem  was  the  availability 
and  cost  of  a  netwoik  analyzer  usable  over  the  frequency  range  of  10  kHz  to  18  GHz.  The  second 
problem,  as  depicted  in  Hgure  6-10,  resulted  from  limitations  of  existing  Hber  optic  converters. 
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Figure  6-10.  Network  Analyzer  Synchronized  Sweep  Configuration 


As  is  standard  practice  when  conducting  HIRF  tests,  it  is  not  acceptable  to  utilize  metallic  cables  when 
connecting  the  transmit  and  receive  locations.  However,  when  utilizing  a  networic  analyzer,  the  signal 
source  and  receiver  must  reside  in  a  single  location.  Regardless  of  the  location,  this  configuration 
requires  the  conversion  of  analog  signals  to  light  over  the  frequency  range  of  10  kHz  to  18  GHz. 
Although  not  exhaustive,  our  maiket  survey  indicated  no  availability  of  fiber  optic  converters  above  1.8 
GHz. 

6.6.2  Oversweep  Versus  Synchronized  Sweep  Resolution 

After  evaluating  the  technical  benefits  and  limitation  of  the  above  options,  the  decision  was  made  to 
perform  the  S-76  HIRF  test  using  the  oversweep  approach. 
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7. 


SUMMARY 


The  objectives  of  the  S-76  HIRF  Test  Project:  evaluation  HIRF  test  practicality,  HIRF  effect  on 
rotoicrafu  and  the  threat  environment  were  met  The  following  sections,  provide  a  summary  of  the 
results  and  conclusions  associated  with  the  S-76  HIRF  Test  Project. 

7.1  HIRF  Test  PracUcality 

The  issue  of  HIRF  test  practicality  has  been  raised  by  aircraft  manufacturers,  representatives  of  the 
FAA,  and  technical  advisors  to  the  SAE  AE4R  Committee.  As  a  result  of  conducting  the  S-76  HIRF 
Test  Project,  much  insight  has  been  gained  into  the  practicality  (and  feasibility)  of  conducting  HIRF  test 
in  a  technically  sound  and  cost  effective  manner. 

7.1.1  HIRF  Test  Practicality  Summary  Of  Results 

Many  technical  issues  were  encountered  during  the  conductance  of  the  S-76  HIRF  Test  Project  These 
issues  indicate  many  imperfections  exist  in  the  conductance  of  aircraft  level  HIRF  tests.  For  example, 
changes  in  the  ambient  RF  environment  during  HIRF  tests  can  have  a  significant  impact  on  the  results. 
While  the  technology  exists  to  eliminate  this  imperfection,  the  cost  and  schedule  impacts  make  the 
solution  fiscally  impractical.  In  the  case  of  applying  a  synchronized  sweep  with  a  single  source  and 
receive  clock,  technological  deficiencies  in  fiber  optic  converters  prevent  the  necessary  digital  to  analog 
conversions  at  frequencies  above  approximately  1.8  GHz. 

From  a  cost  perspective,  utilization  of  state-of-the-art  automated  data  acquisition  and  processing 
systems  can  significantly  reduce  the  cost  of  conducting  aircraft  level  HIRF  tests.  For  example,  previous 
HIRF  tests  conducted  on  a  commercial  wide  body  aircraft  required  a  test  crew  of  approximately  IS 
personnel.  Utilization  of  an  advanced  automated  data  acquisition  and  processing  system  reduced  the 
test  crew  requirements  to  3  personnel. 
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7.1.2  HIRF  Test  Practicality  Conclusions 

As  a  result  of  the  S-76  and  other  HIRF  tests,  it  is  apparent  that  an  ideal,  within  an  acceptable  cost 
range,  test  methodology  does  not  exist  at  this  time.  This  assessment  is  based  on  technical  issues 
including  (but  not  limited  to): 

•  Locating  an  ideal  test  environment  large  enough  to  accommodate  all  types  of  aircraft 

•  Ensuring  no  ambient  electromagnetic  field  changes  occur 

•  Achieving  adequate  transmit  power  levels  over  the  entire  10  kHz- 18  GHz  frequency 
range 

•  Ensuring  accuracy  and  validity  of  antenna  factors  in  relatively  small  areas 

•  Others 

However,  it  is  possible  to  conduct  HIRF  tests  in  a  manner  which  minimize  technical  risk  and, 
depending  on  the  complexity  of  the  test,  within  a  $150-500  K  price  range. 

7.2  HIRF  Effects  On  Rotorcraft 

The  issue  of  HERF  effects  on  rotorcraft  has  raised  many  concerns.  These  concerns  stem  from  the  facts 
that  commercial  rotorcraft  designs  require  larger  window  areas  and  typically  include  the  use  of  mote 
composite  materials  which  provide  less  protection  against  the  effects  of  E-Fields.  The  concerns  are 
further  compounded  by  a  rotocraft’s  typical  flight  characteristics  (e.g.,  lower  altitudes,  hovering,  etc.) 
which  differ  significantly  from  those  of  fixed  wing  aircraft. 


7.2.1  HIRF  Effects  On  Rotorcraft  Summary  Of  Results 

The  ground  tests  have  indicated  the  S-76,  and  perhaps  most  rotorcraft,  are  excessively  susceptible  to 
the  effects  of  HIRF.  While  some  extreme  attenuation  levels  were  in  excess  of  40  dB  the  average 
attenuation  levels  were  on  the  order  of  0  to  10  dB.  These  levels  are  significantly  lower  than  those 
measured  for  commercial  fixed  wing  aircraft  with  average  levels  ranging  from  20  to  40  dB  of 
attenuation. 


51 


As  indicated  in  Sectitxi  4  of  this  report,  the  cable  currents  (when  extrapolated  to  full  threat)  were  above 
the  test  levels  established  in  DO-160C.  Specifically,  the  levels  above  DO-  160C  were  experienced  over 
the  frequency  range  of  10  kHz  to  30  MHz  and  350  MHz  to  1  GHz  indicating  higher  susceptibility  with 
regard  to  induced  cable  currents. 

7.2.2  HIRF  Effects  On  Rotorcraft  Conclusions 

As  a  result  of  the  S-76  HIRF  ground  and  in-flight  tests,  it  appears  that  rotorcraft  are  inherently  more 
susceptible  to  the  effects  of  HIRF.  The  decrease  in  attenuation  levels  and  increase  in  measured  induced 
cable  currents  lead  to  the  conclusion  that  special  test  criteria  should  be  established  for  commercial 
rotorcraft 

7.3  Threat  Environment  Evaluation 

The  S-76  in-flight  tests  were  conducted  to  evaluate  the  severity  of  real  word  emitters  on  aircraft  while  in 
flight  While  the  S-76  in-flight  tests  only  evaluated  a  small  sample  of  the  actual  real  world  emitters,  the 
sample  addresses  a  reasonably  wide  range  of  frequencies,  power  levels,  and  emitter  types  (i.e.,  CW 
and  pulsed). 

7.3.1  Threat  Environment  Evaluation  Summary  Of  Results 

Results  of  the  S-76  tests  have  certainly  added  credibility  to  the  existence  of  HIRF  as  a  flight  safety 
hazard.  In  the  evaluation  of  the  "real  world”  emitters,  the  flight  tests  have  shown  repeatable  instances 
where  exposure  to  "real  world"  HIRF  emitters  resulted  in  instrumentation  disruptions. 

Specifically,  disruptions  to  the  S-76’s  fuel  flow  indicator  and  landing  gear  down  lights  during  the 
OTHB  flight  tests  indicated  susceptibility  in  the  10  to  30  MHz  range.  It  should  be  noted  however  that 
no  disruptions  were  experienced  when  the  S-76  was  exposed  to  high  powered  pulsed  emitters. 

7.3.2  Threat  Environment  Evaluation  Conclusions 

Since  the  instrument  disruptions  occurred  only  during  exposure  to  CW  emitters,  it  is  apparent  that  the 
impact  of  exposure  to  pulsed  emitters  is  less  severe  than  anticipated.  It  should  however  be  recognized 
that  if  the  emitter  frequency  or  pulse  rate  had  corresponded  to  the  digital  data  bus  rate  of  the  onboard 
processor  controlled  instruments  the  likelihood  of  a  disruption  would  have  been  much  greater. 
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APPENDIX  A 


1  Mechanical  Characteristics 

UHFLEXTyp* 

130 

161 

161S 

littMT  conductor  diamotcr 

JMO- 

i)S51- 

19  X  J0113- 

liwr  comAietormalftit 

SPC 

SPC 

SPC 

Oiotactrie  material 

LO-FTFE 

LO-PTFE 

LO-PTFE 

inner  alikid  material 

SPC 

SPC 

SPC 

Outer  shield  material 

SPC 

SPC 

SPC 

Jadtet  outer  dameter 

.175- 

.215- 

.215- 

Jacket  material 

FEP 

FEP 

FEP 

Wdght 

JKIb/fl 

iisibm 

Cnish  Strang 

S5Qlh/R 

S50lb/tt 

550lb/tt 

Min.  bend  radius— static 

V 

V 

Mfai.  bend  radus— dynamic 

1- 

1- 

Dynamic  bend  endurance 

5000  cyeies 

5000  cyctee 

5000  cydes 

Electrical  Characteristics 


UTiPLEXType 

130 

161 

161S 

Frequency  range 

OC-33 

DC-27 

DC-27 

SWR 

See  Coruiector  Selection  Guide  page  11. 

Velocity  of  Propagation 

77% 

77% 

77% 

Impedance 

50  ±  1  Ohms 

50  ±  1  Ohms 

SO  ±  1  Ohms 

Capacitance 

26.2  pF/tt 

26.2pF/ft 

26.2  pF/R 

Insuladon  resistance 

3.3  X  10a  MO/ft 

13  X  10*  MD/n 

3.3  X  10*  MH/ft 

Isolatton 

-100  db  <§  1GHz 

-100  db  @  1GHz 

-100  db  @  1GHz 

Delay 

U  ns/tt 

1.3  ns/ft 

1.3  ns/ft 

Attenuation  (max)  F  In  GHz 

lOvF  +  a7  F  db/100  It 

8>/F  4-  0.7  F  db/100  It 

9.6\/F  -r  F  db/100  It 

Insertion  loss  stability 

±  0.1  db  @  18  GHz 

Breakdown  voltage 

2500 

5008 

5000 

Power  rating 

See  ngure  4  on  page  8. 

Phase  stability 

Temperature 

See  Rgure  5  on  page  8. 

Flexure 

See  Figure  6  on  page  8. 
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TO  COMVEFT  TO  PZELO  ZNTEHSZTT  IN  dSuV/HETcR. 


AMT8MA  CALIBRAnON 
3  HSTd  SPACINQ 

zcsM  HQOSL  AH-roao 

SERIAL  mjHBBti  1723 
MARCH  U,  1981 


ANTSMA  AACrORS  CdB) 
HQRIZQIITAL  WAVS  CALXaRATXQN 


ANT8MA  CQNPIGURATZaN 


FRSQ 

(HHz) 

AU. 

ELSHerrs 

IIA0XAL3  AHO 
SK2RTS  ONLY 

RA0XAL5  ONLY 

20 

19.9 

29.9 

18.9 

30 

27.9 

27.9 

23.8 

40 

29.2 

38.2 

3a;2 

90 

19.9 

33.9 

32.9 

90 

39.4 

33.4 

39.4 

TO 

44.7 

38.7 

39.7 

90 

40.4 

39.4 

49.4 

90 

39.9 

39.9 

39  ..9 

'100 

39.0 

50.0 

39.0 

110 

33.8 

39.8 

35.8 

120 

43.5 

40.5 

35.5 

130 

39.3 

51.3 

39.3 

140 

43.5 

39»5 

34.5 

190 

43.7 

3T.7 

38.7 

190 

39.7 

49.7 

39.7 

170 

32.8 

38.8 

38.8 

190 

31.3 

38.3 

33.3 

.190 

30.4 

34.4 

34.4 

200 

29.1 

28.1 

29.1 

210 

29.9 

29.9 

30.9 

220 

29.8 

29.3 

33i8 

230 

27.5 

28.5 

33;5 

240 

30.4 

31.4 

39.4 

2S0 

39.8 

39.8 

43.8 

280 

37.1 

37.1 

49.1 

270 

41.7 

42.7 

49.7 

280 

48.3 

49.3 

49.3 

290 

41.4 

43.4 

49.4 

300 

43.1 

43.1 

'53.1 

CQNTIHUeS  ON  PQUOIIZNO  FAGS 

M^TEHHA  PACTQR  TO  98  A0C60  TO 
TO  coNvorr  to  fieus  iNTSNsmr 

ReeSZVER  M6TEH  RSAOZNQ  ZN  dSUV 

IN  d8liV/MSTSR 

AMTeiMA  CALIBfUTION 


3  HKTIII  SPAC3I6 
ICSH  M008L  AH-7QOa 
S6RXM.  NUMISI:  1723 
hMIICM  1<4.  tsai 


AMT^ilHA  PACrORS  CdS) 
VCRTZCAl.  «AVK  CALZBftATXQN 


AHraiA  eONFISURATZON 
Rnea  AU.  RAfltALS  AMO 

dots}  11  llirrs  3K2RT1  ONLY  RAOXALS  ONLY 


33S 

24.3 

24.3 

23.3 

3M 

29.8 

29.8 

37.9 

079 

20.4 

29.4 

39.4 

400 

2T.0 

27.0 

39.0 

<439 

29.8 

20.8 

39.9 

4i0 

29.9 

29.9 

33.9 

479 

99.0 

29.0 

39.0 

900 

99.4 

39.4 

3914 

929 

94.9 

42.9 

32.9 

990 

92.2 

42.7 

32.7 

979 

00.  t 

37.7 

37.7 

800 

92.8 

32.8 

37*8 

929 

27.8 

30.8 

33*8 

890 

90.4 

41.4 

38.4 

879 

34.9 

34.9 

40.9 

TOO 

32.7 

32.7 

29x7 

'729 

32.8 

31.8 

40.-8 

790 

33.8 

31.8 

42.9 

779 

32.3 

2.1.3 

30*3 

800 

30.8 

29.8 

33;8 

839 

31.0 

30.0 

33.0 

890 

31.2 

31.2 

34.2 

879 

31.3 

31.3 

34.3 

800 

31.8 

32.8 

•37.8 

839 

33.2 

33.2 

43.2 

890 

34. A 

39.4 

49.4 

879 

39.9 

37.9 

44i9 

1000 

41.3 

43.3 

44.3 

1100 

39.9 

41.9 

94.9 

1200 

33.8 

33.9 

30*8 

1200 

39.9 

39.9 

44.9 

ANTSHNA  factor  *T0  SS  ACOSS  TQ  R8CSZV6R  MSTSR  RfiAOXNG  IN  dauV* 
TQ  CONVERT*  TO  FISLO  ZNTENSXTY  ZN  OSuV/HSTeR 
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ANTENNA  CALIBRATION 
3  METCR  SPACING 
ICON  HQ08L  AH-7000 
SERIAL  NUMBSIS  1T2S 
MARCH  1A,  1M1 

ANTENNA  RACTQRS  (dS) 
HORIZONTAL  WAVS  CALXBRATION 


ANTENNA*  CONPIQURATZQN. 


FREQ 

(MHz) 

ALL 

SLeCNTS 

RA0ZAL3  ANO 
SKIRTS  ONLY 

raoiaLs  only 

32B 

84.3 

48.3 

38.3 

380 

87.8* 

47.0 

47,0 

3T5 

88.4 

83.4 

43.4 

400 

84.0 

84.0 

41.0 

428 

83.8 

81.8 

41.8 

480 

48.8 

83.8 

39.8 

478 

84.0 

81.0 

38.0 

800 

87.4 

52.4 

42.4 

S28 

83.8 

48.8 

40.8. 

880 

82.7 

44.7 

40.7 

878 

82.7 

82.7 

43.7 

800 

83.8 

81.8 

48.8 

828 

43.8 

50.8 

80.8 

880 

81.4 

49.4 

82.4 

878 

88.8 

84.8 

48.8 

700 

82.7 

80.7 

81,  t 

T2S 

47.8 

82.8 

84.8 

780 

48.8 

80.8 

81.6 

773 

88.3 

81.3 

86.3 

800 

48.8 

48.8 

83.8 

828 

88.0 

83.0 

82.0 

880 

88.2 

82.2 

58.2 

878 

47.3 

40.3 

84  .:3 

800 

48.8 

48.8 

48.8 

828 

87.2 

80.2 

42.2 

880 

82.4 

52.4 

42.4 

878 

82;  8 

82.8 

44.8 

1000 

80.3 

80.3 

48.3 

1100 

42<0 

43.0 

44.9 

1200 

81.8 

81.8 

48.8 

1300 

47.0 

47.0 

42:9 

ANTENNA  FACTOR  TO. 88  AOQEO  TO  RECEIVER  METER  READING  ZH  AuV 
TO  CONVERT  TO  FIELD  IriTSNSITY  IN  dEuV/METEH. 


A-5 


TftMISFDR  IHPEDAfICB  FACTOR 


FHHQunwcy  . 


A.  H.  SYSTEMS  INC. 

STio  cazvcatyr  Awe. 

CHATSUOATVI,  G:s.  S:  31 1 
(SIS)  S9A-^a&3 

1  nCTE.^  ClA.I8«iATiaN 

•iAXN  AMO  AMTShWtA  ^ACTCAS  Ans  SICSNXr^AU  AMTgNNA 


MQOSL  NUMSiiJts  SMS-^O/SACl 
S/N  t 

OATS  s  aO-MAV-Su 


RREOUENCY 

<MHs) 

ANTENNA 

FACTOR  <dB) 

aAIN 

OSi 

SAIN 

NUMERIC 

20 

12.3 

-i6.S 

.  022 

30 

13.4 

•13.  6 

.  043 

40 

13.4 

-tl.  1 

.077 

SO 

11.4 

•7.  17 

.  191 

SO 

10.0 

-4.  19 

.331 

70 

lO.  1 

•2.93 

.  306 

SO 

10.2 

•1.39 

.646 

90 

io.a 

•1.46 

.713 

lOO 

11.3 

•l.SS 

.699 

liO  ■ 

12-7 

•1.32 

.627 

120 

12.9 

•1.  06 

.731 

130 

12.1 

374 

.376 

140 

13.  1 

.039 

1.01 

ISO 

13.6 

.  166 

l.OS 

ISO 

13.6 

.723 

1.  16 

170 

14.  1 

.735 

1.  19 

160 

14.3 

l.OS 

1.27 

190 

IS.  2 

.621 

1.  IS 

200 

16.3 

•.032 

.  992 

210 

17.3 

•.309 

• 

220 

13.  1 

•l.OO 

.793 

230 

13.2 

•.713 

.347 

240 

19.0 

•1.  14 

.767 

250 

13.9 

-.694 

.632 

2S0 

13.  I 

.446 

1.  10 

270 

13.3 

.  373 

1.  14 

230 

20.0 

-.310 

.329 

290 

2^4  3 

•4.  ao 

.  330 

300 

22.3 

•2.31 

.  360 

310 

24.7 

-4,S2 

•  S4«. 

320 

24.  6 

-4. -4.3 

.336 

330 

2S.  6 

-5.  96 

.232 

ANTENNA  PACTQR  (t  W6TSR  SPACXNSl  TO  8E  ADOED  TO  RECEIVER 
METER  READING  IN  dSuV  TO  CONVERT  TO  PISU  INTENSITY  IN 
dSuV/METER.  CAUISRATICN  P6R  AlvSI  CS3.  S  r^tETNOUQUaGY. 
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1-12  GHr  Log  Periodic  Antenna  AUS  Model  SAii  -  200/Sll 

1-18  Gilt  Lor  Periodic  Antenna  Aitii  Model  SAS  -  200/SlS 

RFT  -  1311  -  TOlPtiST  -  SURVEILUNCl;  -  DIRKCTXUN  FINDING  -  l••RbgUKNCY  MANAi:i31l»NT 


The  SAS  '  2Q0/S1S  Log  Periodic  lUiteuna  is  a  linearly  polar-isad.  frequency 
independent,  directional  antenna  featuring  broadband  1.0  to  IS.O  Cite 
operation.  Plat  impedance  characccriacics,  »«]]  balanced  pattcm.s  oxtd  low 
cross  polarization  levels  arc  exhibited  over  the  entire  frequency  band. 

The  SAS  •  2U0/S1S  fe.itures  excellent  VSWK  (typically  1.6)  and  a  gaiii  wluch 
ranges  from  6  to  8  dll  with  frequency.  The  antenna  is  hermetically  sealed 
in  a  low  lo.s.s  structural  radone  material  and  pressure  isocyanate  foamed. 
Tl^e  antenna  is  Lightivcight  (11  ounces)  and  easily  iidai>ccd  to  various 
mounting  configura Lions. 


SPCCIFICATIONS 


Frequency  Range 


vswR 

Max  >  niim 


.  .  Nominal  (dBi) 
”  Minimum  (dBi) 


Front/Qaclt  Ratio  (dB) 


Cross  Polarization 


E  -  Plane  Seamwldth 


11  >  Plane  Rcamwidth 


n  <*  4  .  Typical  (Deg.) 

Beam  Squint  .  )n  ^ 
'  Maxiinuffl  (Deg . ) 


-  18.0  GItz 


8  Ulz  I  8  - 


I.S:1 

2.0:1 


Power  Capability 


Input  Connector 


Size  (inches) 


Peak  (W) 
Average  (W) 


N  -  Female 


12.4  -  18  GIlz 


1.7 
2.S:1 


Weight  (ounces) 

IJ 

Rndomc  Squioped 

Yes 

Finish 

Epoxy  Paint 

Outline  6  Owg  Nu. 

2133 

SAS-2aO/S10 

SAS.20a/S12 


6-PLANg  H-PL4Ne 


SAS.200/S30 

SAS.200/S42 


vertical  HORXrOMTAL 

POLARIZATION  POLARISATION 


SAS-200/SSO-1  PATTERN  IS  OMNIDIRECTIONAL 


A-10 


A. II.  SVSnfMS.  INC 
snu  co^ycroff  awh. 
CIIAISWURni.  CA  9  13  1  I 


WQG  P6R1001C  ANTENNA  NCOEL  SAS-ZOU/SIZ  POWER  REQUIREMENTS 
I  QUO  WATIH  maximum  CONTimiOUS  POWER 


Po«M*('  R«qii  t  roM«ri  tx  in  W«itts 


Pf»r  Fl»ld 

St  rang  til 

of 

f  ^QU#ni#Y 
(MHZ) 

1  V/m 

3  V/M 

111  v/m 

20  V/» 

100  V/m 

200  V/m 

•  •  -  ••  •• 

M  M  « 

ZUQ 

.03 

.69 

2.8 

I  1.0 

275 

300 

.OZ 

.39 

1.5 

6. 2 

155 

620 

400 

.01 

.28 

t.  1 

4.5 

1 12 

449 

500 

.01 

.25 

I.O 

4.0 

100 

.400 

6011 

.01 

.26 

1.0 

4.2 

IDS 

419 

700 

.01 

.24 

1.0 

3.8 

951 

382 

8UQ 

.01 

.25 

1.0 

4.0 

100 

400 

900 

.01 

.22 

0.9 

3.5 

87 

348 

1000 

.01 

.26 

1.0 

4.2 

105 

419 

1  100 

.01 

.27 

1 .  1 

4.3 

107 

429 

1200 

.01 

.31 

1 .2 

4.9 

123 

492 

1300 

.0  1 

.35 

1.4 

5.5 

138 

552 

1400 

.01 

.35 

1.4 

5.7 

141 

565 

ISQO 

.01 

.33 

1.3 

5.3 

132 

527 

1600 

.01 

.26 

i.o 

4.2 

105 

*»I9 

1700 

.0  1 

.30 

1.4 

5.8 

145 

578 

1800 

.03 

.  711 

2. a 

1  1  .3 

282 

--- 

A-11 


A.H.  SVSTHMS.  TNC 
9 no  COZYCnOFT  AVIs. 
f>»ArSWOf?TV».  CA  91311 


BICONIC-M.  anTSNNA  model  SAS-200/5A0  POW6H  RSaUIREMENTS 

100  WATT  3ALUN 
1  METER  SPACING 

too  WATTS  MAXIMUM  CONTINUOUS  POWER 


Pow«*» 

R«»<TUir«m«nts  In  Wsfcfcs 

^r**ou«ncy 

Tor 

Pi*ld 

Siirwnoth  of 

*  ■  1 

(MMxJ 

1  V/m 

9  v/m 

10  v/m 

20  V/m 

ZO 

1.90 

3T.a 

- - 

— 

30 

.70. 

10.9 

70.9 

40 

.43 

10.9 

43.0 

— — 

90 

.  17 

4.2 

10.9 

- - 

00 

.09 

2.2 

8.9 

30.8 

TO 

.08 

1.0 

0.3 

29.2 

90 

.00 

1.2 

4.3 

19.8 

90 

.00 

1.2 

4.7 

18.8 

lOO 

.00 

1.2 

4.7 

18.8 

1  10 

.00 

1.2 

4.9 

19.8 

120 

.04 

1.0 

4.  1 

10.4 

130 

.04 

1.0 

3.0 

19.2 

140 

.03 

0.0 

3.3 

13.2 

130 

.03 

0.0 

3.  1 

12.4 

100 

.03 

O.T 

2.8 

11.2 

170 

.03 

0.7 

.2.7 

10.0 

ISO 

.03 

0.7 

2.0 

10.4 

190 

.03 

0.7 

3.0 

12.0 

200 

.03 

0.9 

3.0 

14.0 

210 

.04 

1.0 

4.2 

10.8 

220 

.04 

1.0 

4.2 

10.8 

230 

.04 

1.0 

4.0 

18.0 

240 

.04 

1.0 

4.2 

10.8 

290 

.04 

1.0 

3.8 

19.2 

200 

,03 

0.7 

2.9 

11.0 

270 

.03 

0.7 

3.0 

12.0 

200 

.04 

1.0 

4.  1 

18.4 

290 

.  10 

2.0 

10.2 

40.9 

300 

.00 

1.4 

0.8 

23.2 

310 

.09 

2.4 

9.8 

39.2 

320 

.09 

2.3 

9.  1 

30.4 

330 

.  13 

3.2 

12.9 

51.8 
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A.H.  STSTSHS.  INC 
0710  CQZYCROFT  AVI. 
CHATSWONTH.  CA  01311 


LOG  POIXaOZC  ANTENNA  HOQSL  SAS-200/918  POWER  RfiOUZRBIENTS 
10  WATTS  HAXZHUH  CONTINUOUS  POWER 


Prwauwfiey 

(GHxJ 

PowT  R«cu1r 
for  Plold 

—onto  In 
Stronoth 

WAtta 

of 

1  V/« 

9  V/m 

10  V/» 

20  V\ai 

1 

.01 

.20 

1.10 

4.0 

2 

.01 

.18 

.70 

3.0 

3 

.01 

.18 

.71 

2.8 

4 

.01 

.19 

.00 

2.4 

9 

.01 

.14 

.90 

2.2 

0 

.01 

.13 

.92 

2.1 

7 

.01 

.13 

.91 

2.1 

8 

.01 

.12 

.40 

2.0 

0- 

.01 

.13 

.90 

2.0 

to 

.01 

.12 

.40 

2.0 

11 

.01 

.  13 

.91 

2.1 

12 

.01 

.  14 

.99 

2.2 

13 

.Of 

.  14 

.99 

2.2 

14 

.01 

.19 

.90 

2.4 

19 

.01 

.  19 

.02 

2.9 

10 

.01 

.10 

.83 

2.9 

17 

.01 

.  17 

.00 

2.8 

18 

.01 

.17 

.00 

2.0 

A-13 
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S.S6xlO 


Active  monotole  response  with  EOD  fully  collapsed  compared  to  fully 
extended: 


Freed 

Response 

MHz 

db 

1 

-18 

20 

-15 

70 

-18 

A- 15 


SAS-200/540  (100  Watt  Baiun) 


1  Meter 


3  Meter 


—Kmzr~ 

ATTdBV" 

GaTn(a%!) 

r(Mhz) 

AF(dB) 

Gain  (dBi) 

350 

35.0 

-13.84 

350 

27.2 

-6.07 

373 

26.9 

-5.14 

375 

31.0 

-9.27 

400 

26.6 

-4.31 

400 

29.3 

-6.99 

425 

27.8 

-4.95 

425 

28.0 

-5.27 

450 

31.2 

-7.90 

450 

28.3 

-4.98 

475 

27.2 

-3.41 

475 

25.0 

-1.24 

500 

26.1 

-1.89 

500 

25.7 

-1.52 
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3  Meter  Calibration 

Gain  and  Antenna  Factors  for  Biconical  Antenna 
Model  Number  SAS-20(V542 
SN:  606 
Date:  22-Jan-89 


Frequency  (Mhz) 

Antenna 

Factor  (dB) 

GiJn"aBr 

Gain 

Numeric 

20 

18.8 

-22.5 

.005 

30 

15.9 

-16.1 

.024 

40 

13.2 

-10.9 

.081 

50 

8.80 

-4.57 

.348 

60 

8.40 

-2.59 

.550 

70 

8.60 

-1.45 

.715 

80 

8.20 

.108 

1.02 

90 

8.90 

.431 

I.IO 

100 

9.90 

.346 

1.08 

110 

11.8 

-.725 

.846 

120 

13.4 

-1.56 

.698 

130 

14.2 

-1.67 

.680 

140 

14.4 

-1.23 

.753 

150 

14.7 

-.931 

.806 

160 

14.9 

-.571 

.876 

170 

14.7 

.155 

1.03 

180 

14.1 

1.25 

1.33 

190 

14.3 

1.52 

1.41 

200 

14.2 

2.06 

1.60 

210 

14.9 

1.79 

1.51 

220 

14.8 

2.89 

1.69 

230 

14.5 

2.98 

1.98 

240 

15.4 

2.45 

1.75 

250 

15.7 

2.50 

1.78 

260 

15.9 

2.64 

1.83 

270 

17.7 

1.17 

1.31 

280 

18.4 

.789 

1.19 

290 

18.3 

1.19 

1.31 

300 

21.1 

-1.31 

.739 

310 

23.6 

-3.52 

.443 

320 

23.1 

-2.75 

.530 

330 

24.2 

-3.58 

.438 

350 

27.2 

-6.07 

0.247 

375 

31.0 

-9.27 

0.118 

400 

29.3 

-6.99 

0.200 

425 

28.0 

-5.22 

0.01 

450 

28.3 

-4.98 

0.318 

475 

25.0 

-1.24 

0.752 

500 

25.2 

-1.52 

0.705 

Antenna  factor  (3  meter  spacing)  to  be  added  to  receiver  meter  reading  in  dBuv  to  convert 
to  field  intensity  in  dBuV/Meter.  Calibration  per  SAE  ARP  958  methodology. 
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1  Meter  Calibration 

Gain  and  Antenna  Factors  for  Log  Periodic 
Model  Number  SAS-2(X)/511 
S/N:  202 
Date:  23-Jan-89 


Frequency 

(GHz) 

Antenna  FactOT  (dB) 

Gain  dBl 

Gain  Numeric 

1.6 

331 

Vfl 

1.5 

27.9 

5.86 

3.86 

2.0 

30.3 

5.96 

3.95 

2.5 

31.9 

6.30 

4.27 

3.0 

33.2 

6.58 

4.55 

3.5 

34.0 

7.12 

5.16 

4.0 

35.0 

7.28 

5.35 

4.5 

35.9 

7.41 

5.50 

5.0 

36.4 

7.82 

6.06 

5.5 

37.3 

7.75 

5.96 

6.0 

37.8 

8.00 

6.32 

6.5 

38.5 

8.00 

6.31 

7.0 

38.9 

8.24 

6.68 

7.5 

39.6 

8.14 

6.52 

8.0 

40.1 

8.20 

6.61 

8.5 

40.6 

8.23 

6.66 

9.0 

40.9 

8.43 

6.96 

9.5 

41.4 

8.40 

6.91 

10.0 

41.9 

8.34 

6.83 

10.5 

42.6 

8.07 

6.41 

11.0 

43.1 

7.97 

6.27 

11.5 

43.6 

7.86 

6.11 

12.0 

44.0 

7.83 

6.06 

14.0 

45.5 

— 

5.814 

16.0 

47.2 

... 

5.134 

18.0 

48.3 

— 

3.985 

Antenna  factor  ( 1  meter  spacing)  to  be  added  to  receiver  meter  reading  in  dBuv  to  convert 
to  field  intensity  in  dBuV/Meter.  Calibration  per  SAE  ARP  958  methodology. 
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31.8 
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1600 
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1-71 

aHr^fa>ta  aacTOR  (3  wgrsH  soRCZRa?  to  &«  flooss  to  accszver 

merSR  RCAOZNa  in  dSuV  TO  CONVERT  TO  FISLO  INTENSITV  IN 
dOuV/WETSR.  CW-ISfiaTION  P€H  SAS  0«P  038  WETWODGLQGY. 
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CHATSUOirrH,  c*  9i3li 
<aia>  99«-o8«t3 

1  nCrSR  CflLXSRATlQN 

3AXN  amo  antenna  ^Acmna  f^aii  uos  peaxooic 
MOOeL  NUMa»s  SA«-2fOOy9ii 

3/N  <  tas 

OATS  s  30-NaV-90 


FREQUENCY 

<SHs) 

ANTONINA 

FACTOR  <aa) 

SAZN 

d8l 

SAIN 

NUMERIC 

I.O 

33.3 

4.74 

3.93 

i.S 

37.3  - 

9.93 

3.99 

3.0 

30.4 

3.33 

3.33 

3.9 

31.3 

3.40 

4.37 

3.0 

33.0 

3.  73 

4.77 

3.9 

34.3 

3.93 

4.93 

^0‘ 

33.0 

7.33 

9.33 

4.9 

33.7 

7.31 

9.73 

9-0 

33.  3 

7.33 

9.73 

9.9 

37.3 

7.39 

3.10 

3.0 

37.7 

a.  10 

3.47 

3.9 

33.3 

3.30 

5.31 

7.0 

39.1 

a.  0^ 

5.33 

7.9 

39.3 

3.14 

5.93 

3.0 

40.  1 

3.30 

5.51 

3.9 

40.9. 

3.33 

5.31 

9.0 

40.9 

3.43 

3.33 

9.9 

41.4 

3.40 

5.9> 

LO.O 

41.9 

3.34> 

3.53 

10.3 

43.9 

3.17 

So 

11.0 

43.9 

3.17 

3.93 

11.9 

43.  3 

7.  93 

3.39 

13.  0 

43.9 

7.93 

5.30 

ANTENNA  AACTQR  <  I  METER  SPACZN6>  7Q  sC  AOSKS  TQ  ASCSI'^ 
METER  ASAOtNa  XN  dSuV  TQ  COMVCirr  TQ  FIELD  INTENSITY  IN 
aSuV/METER.  COCISRATION  PER  ANAZ  C62.S  nETHQOgUlSy. 
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